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(54) OPTICAL DEVICE 

(57)Abstract: 

PURPOSE: To correct the amplitude and phase of a light wave front at the 
same time by optically connecting a liquid crystal element for amplitude 
modulation and a liquid crystal element for phase modulation to each other. 

CONSTITUTION: The liquid crystal element 101 for amplitude 
modulation imposes amplitude modulation on a laser beam (a) to be 
corrected and then the liquid crystal element 105 for phase modulation 
imposes phase modulation. Those liquid crystal elements 101 and 105 are 
connected in mutually conjugate relation by an afocal optical system 
consisting of a lens 102 and a lens 104. A spatial filter 103 removes 
diffracted higher order components generated when the beam is transmitted 
through the liquid crystal elements. The beam transmitted through the 
liquid crystal elements is guided partially to an aberration measurement 
system 107 by a mirror 106. Trie rest exits from the device as a beam (b) 
having its amplitude distribution and phase distribution corrected. The 
aberration measurement system 107 and a driving circuit 109 for the liquid 
crystal elements are connected to a computer 108. Correction information 
matching the purpose of use of the device is inputted to the driving circuit 
109 to stop down the beam to the limit of diffraction. 




LEGAL STATUS 
[Date of request for examination] 
[Date of sending the examiner's decision of rejection] 

[Kind of final disposal of application other than the examiner's 
decision of rejection or application converted registration] 

[Date of final disposal for application] 

[Patent number] 

[Date of registration] 

[Number of appeal against examiner's decision of rejection] 

[Date of requesting appeal against examiner's decision of 
rejection] 

[Date of extinction of right] 



Copyright (C); 1998,2000 Japan Patent Office 



(19)B*H*SSftr (JP) (12) & ^ £f & (A) (lOWaPdSffi&H!*^ . 

#HPF5- 66377 

(43)aflflB ¥fi£5*r-(1993)3fll9B 

(5i)inta. 5 mme? frrtsa#^ f i ®.mm*mm 

C 0 2 F 1/13 5 0 5 8806-2K 

G 0 2 B 5/32 7724-2K 
G 0 2 F 1/1347 7348-2K 



(21)dS«#^ 


^¥3-227870 


(7l)ibBA 


000002369 










-tr-f n-x:/y 




(22)tBSSe 


¥j£3*£(1991)9fl9B 














fig^ St 










SfF!ilfilSm±fn3Tg3# 




















Hff 3JI 










SSfF!iiRiSm^D3TB3# 


















(72)fgB^^ 












^PMM&rli**ri3Tl 3# 


















(74)RJ1A 




1*) 



(54) 



(CT) [§8M 




no 



1 

imam i ft&mnm^tiZLmmiE-rzimizm 

mimL^m&mwwmmiffiix&hzb 
&nmbi-&m3imizmm<7)%&m.. 

b mimmmmm^m^ tmssr 7 * -xivim- 
mz&^TKwz&mmm-s.wztiTfchzbzm 
tat -rzm&m 1*^12 tzssmnx^mm. 

[000 1] 

^mmzmtz. 

[0002] 

jum, fflBS* { 5 0 0<iSSc7)t<7)*<5Cf^SiiT^S (W 
Proc. SPIE, Vol. 1114. pl3 
4 ( 1 9 89) #BBJ . 
[0003] 

imtfffikixobtmm) u»u ez/tft 

Sic* 1 !! 4>ixT n 6 . mMEtfm v vfir if o|B]Hj«*« A -5 
fc. 

[ 0 0 0 4 ] o^raawctmwr* to 

Tftr>T. fflfflfc^Sfc: J: ■)*»BStf><4ffl 

frfiMSE. WELT. **oH«t*»ffi^|gB^^Sr 

set *>'x- » § #sssga mmhbz\h(,zh 

[00 0 5] 

[ t mmt h tcW)*® ] *mx?>m 1 o^^ffi 

[0006] **BHw»2o*?«a»i, Hfiiam 1 
[0007] *«BBwgs3<ojtsjtsiaK±. ffiEm 1 



(2) *$H¥5-663 77 

2 

[0008] 

[ njfe^ 3 MTvimmmz 1 1 . sanest 

[0009] ( gflftj 1 ) f t'-AO*BI 

a** 1 0 1 •vmsBs.m&ttzmz* m$mmm& 
10 m-io5x-m®mz%.vh. ztibjuz-onms,* 

lH4» l^yXl 0 2i:UyXl 0.44»4>flMt3ft.&77 

S5ra7^yu^l03tt. t'-A^a&JWFSriSiari^r 

»Ul*F*a8iU;fcr-.M±* S5-10 6tcJ:0-a5 
ttiR£ffl£*10 7^#jMi*. aOttfflfcWMIifcfctf 

T«9><. IRM8I5E&1 0 7^lf(^SJM^MEIB 
10 914. 3V£*-?10 8£««$iVO>*. 

20 [0010] m&mTmmmmztt. m.<n®mz£ 
(nmwmttLtnjEfmtmm&maMtti o 

EfllfRSrfflfflSSWBajyR^ 1 0 5^A7J^S . Z 0? 

it. t-A2wmx£.<fcmz.btf-?*h. z 

0 ^rfcl*** i b iz J: 0 . f h ZWl 

30 < SB 5 1 HBJfl Wl*4^*B!lj|l4fWWft 2 6 a - H - 

10). mta#mzm?&mEmmt5£vi'>xjk s m 
&m?v&m:frh*wzimftmzffl-thmjEmm 
a. htifrtvizyt'j.-fiztmztitzttv 11 0 

[0011] vm.w&kio7\i.\'>XT\s<i bmsa, 

-710 50#ffl«^jD^4^^«E®^SiaiLT. ^ii 

LTigiftniffii 0 9^«at KnmK 
40 <4. sJtro-j^ffiEflHWcu^o-c. 

ffiSrasmffi-riBw-f *iSBSonmoa!i^tct4. x 

■Vv^/vH-vyjfc ( Pu b 1 . Nat. Astro 
n. Obs. .Vol. 1. p49(1989)#BB) 
^Dy'iS (Proc. SPIE. Vol. 1114. 
P 9 2 (1 9 8 9) #SS) tm^^tli. 
[00 1 2] ^HMsWtld. TN (7-fXh*77f< 
•y^) HOfiWBEHffliUhX^h . ECB (1SffM 

wws.tt) ^-^com^mm^m^m^tz. th 
50 zffiitz-?b>)7Am$m<7)m&m : 7Th'>x. 



3 

m£*<zxki. *«ET«8ttr & ft . -^smmmt 3 2 0 x 

2 2 0. BSSBI!8Ji*¥^l*J 8 0 /i m . mWift 90u 
m"CJ>ft. 

[0013] m&mm&m^zmh&&fii-<?)mz\ 

WtSESW ft £ 1 #T'# ft ( 8 5 1 @£JIHttl¥&¥ffi 
IS^^Ig* 26a-H-10).fctfl. h'-Acoe 

J>ft. frfc, tW>#TN^-K<^& B B B 5R7£5I3£tft 
«HcS»tftfiHfl£li ( J P n . J. Appl. Phy 
s. . 29, LI 5 3.3 (1 990) #23) . EC 
- Foaa»=F 5rffl^TffliE-rft. 
[0014] *»«WfcJ:filf. fiffieWSffiJUR^fc 

-AjSffiiOiRSt&ISiE-r ft k H"*(cBfaoSfi»** f 
-MZ5-1 ft £ t ft . & B B B 3t7tiffittEifgi!k & 

exy'sR^-^jt^Tsatt'-Aaffl^fitia^wjai-rft 
^t* { x-#ft. 

B B u 3t^OMRf?£ LTJS8W- ft Z 1 fc «TttT* ft . 
[00 16] (HMCT2) 7>r^fl*U— -f b'-AO 

fcwmjEzmizhifz,. m2iz^mm<vmmm<r>m 

b'-AX7 'J •/ ? 2 0 1 TttiSfcSittSrlS* ( SffiK) 
(PflKfc) WhWi*. **i-eixtf> 

st«-{iffi^iiffl?g D 3 D^2 o 2 ( ttzii 2 o 7 ) x-m 
«ssi£5«t*:». {2ffi^isffl?g B 3 B *i i 2 0 6 

2 11) -CtfcfflSMfcSftft. «^3£tBffli£ B B B *^ 2 0 
2t(affl^lSffl?g D B Q ^2 0 6(i. l->X203tPy 

SIB^ffliKAS? 2 07 k ffiffiSSTOiKA*? 2 
1 ltd. 1/^X2 08tW>-X2 1 0*>£>t?&l££;ft.ftT 

ft. 5 5-204. 2 0 9(i, *it-e*tfKA#f-2 0 

2. 2 0 7^aaujte-Aoo»:ig*ris^t&RW 

$-£ftJ:9tc. . 
tc»lR!ffl»ihit*<f+aii$ii-C ^ft . SMbSS^Sraa Lfc 
t'-AJ±. Ift'-A^r'J 7?21 2^AStTft„ i 

*j*qfjES*i.fct'-Ab t=6roTSS!lt<0«^aiTi9>< . 
fc*£ U S 5 - 1 0 6 1 «t 0 tT- A b <0-»tiltZSfl5£ 
& 1 0 7^**1 ft . lR£fl£% 1 0 7 ^^t^CSS 

icomwm^i o 9«. ayta-? i 0 8iz%mzti 

T^ft. 

[0017] *3lit«rcttffl U^ffi^fflfffiKiffifcT-fc 



3) ^-^5-6 6 37 7 

4 

it^fflttSESlffljRift*^!. HJfiWItE 1 X-m Ltit><r) 

mtx'hz>. trc. wmm%jk<omm t>vizimm 

m-Xmh. KMzW3z-tZ>WMm%j8.#<7)Zti?1xi l z-o 

^xfto£.zm*xi*mimi tmn-hh. x^x, 
zzxuwmz'-m-th. 

[oois] tmmizxtut > r-rn-iuvxmkx- 

Z^lzm3i-t?>W8Lffim.ft<r>&*lzftm2-£& 

io -tft t ftmzmmnmmftifiz t-Mzs-i ft z t vx- 
#ft„ 

[0019] 

fbcme-*- ft i k #-c* ft . .*»»7wi£*saB±. m 
&m?<r>Tu?yA&imzr£mLx. u— *rt*-A« 

ft. 

[His^fsm^ittHB] 

[HI] 1 Offi^^^-f-TffiHT'J) 

20 ft. 

[ H 2 ] 2 tftfUftSrij^ DBHTfc 

ft. 







101.- 


. • • v h (j 9 ^wmm<r>T n ^e- 




102-.. 


...uyx 




103-.. 






104... 






1 05-- 


•••vh^XiiS^ECBt' 




106-.. 


•••$7- 




1 07... 






108-.. 






109... 


— KMBR 




HO- 


...^^»J 




20 1-.. 






20 2... 






203". 


•••uyx 




204... 






205-.. 






206... 


• • • v mj ? g»5[<7) e c b ^ 




207... 






208-.. 












2 10-.. 






2 1 1 ... 






2 12-.. 







(4) 



^¥5-6 6 377 




* NOTICES * 



Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the optical equipment adapting the liquid crystal device. 
[0002] ^ • 

[Description of the Prior Art] Conventionally, the method into which the configuration of the mirror of the one-sheet 
continuation by the phase distribution of a light wave side is made to deform with an actuator from the reverse side was 
widely used for the amendment purpose. A piezo-electric element is used for the actuator made to deform, and that whose 
number a stroke is several micrometers and is about 500 pieces is made as an experiment (for example, Proc.SPIE, Vol.1 1 14, 
p 1 34 (1989) reference). 
[0003] 

[Problem(s) to be Solved by the Invention] However, there were troubles, like the driver voltage which requires a device for 
control of generation of heat, a hysteresis, etc. and to which the element number is restricted is high in a piezo-electric 
element. 

[0004] that to which this invention solves such a trouble - it is -- a means with the simple purpose - the phase distribution of 
a light wave side -- measurement -- rectifying — and — simultaneous - the amplitude distribution of a light wave side ~ an 
amendment -- it is in the place which offers the optical equipment which can do things 
[0005] 

[Means for Solving the Problem] The 1st optical equipment of this invention is characterized by having the circuit which 
returns the signal acquired by the liquid crystal device, the drive circuit of the aforementioned liquid crystal device, means to 
measure the phase distribution of a light wave side, and means to measure the aforementioned light wave side to the drive 
circuit of the aforementioned liquid crystal device, and changing. 

[0006] The 2nd optical equipment of this invention is characterized by having the drive circuit of the liquid crystal device for 
amplitude modulation, the liquid crystal device for phase modulations, and two or more aforementioned liquid crystal devices, 
and changing in the optical equipment of the above 1st. 

[0007] The 3rd optical equipment of this invention is characterized by having afocal optical system between the liquid crystal 
device for amplitude modulation, and the liquid crystal device for phase modulations, arranging mutually the aforementioned 
liquid crystal device for amplitude modulation, and the aforementioned liquid crystal device for phase modulations by the 
conjugate relation in the aforementioned afocal optical system, and changing in the above' 1st or the 2nd optical equipment. 
[0008] 

[Example] Below, based on an example, the content of this invention is explained in detail. 

[0009] (Example 1 ) A wave-front amendment of a linearly polarized light laser beam is mentioned as an example. The 
composition of the optical equipment of this example is shown in drawing I . The laser beam a which should be rectified 
receives a phase modulation by the liquid crystal device 105 for phase modulations, after receiving amplitude modulation by 
the liquid crystal device 101 for amplitude modulation. These two liquid crystal devices are mutually connected to conjugate 
by the afocal optical system which consists of a lens 102 and a lens 104. The spatial Alter 103 is arranged in order to remove 
the high order diffraction component generated when a beam penetrates a liquid crystal device. A part is led to the aberration 
system of measurement 107 for the beam which penetrated the liquid crystal device by the mirror 106. The remainder serves 
as the beam b with which the phase distribution was rectified by the amplitude-distribution row, and is left out of equipment. 
The drive circuit 109 of a liquid crystal device is connected to the computer 108 at the aberration system-of-measurement 107 
row. 

[0010] Amendment information is inputted into the drive circuit of a liquid crystal device according to the use of equipment. 
For example, the amendment information which gives the amplitude distribution of gauss function type is inputted into the 
liquid crystal device 101 for amplitude modulation, and the amendment information which gives a complex conjugate phase 
distribution to total of each aberration of a light wave side, a lens system, and a liquid crystal device is simultaneously 
inputted into the liquid crystal device 105 for phase modulations. If it carries out like this, a beam can be extracted to near the 
diffraction limitation. In addition, by devising how making the aforementioned amendment information using the technique of 
a computer generated hologram, two or more condensing spots can be generated, or arbitrary condensing intensity 
distributions can be obtained (collection of 51st Japan Society of Applied Physics academic lecture meeting drafts 26 a-H 
-10). You may store the amendment information about the phase distribution for which it asked from each aberration of the 
amendment information and lens system about an amplitude distribution, or a liquid crystal device in the memory 1 10 
beforehand connected to the computer. 

[001 I ] The aberration system of measurement 107 is equipped with a lens array and a light sensitive cell, and measures the 
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aberration of a light wave side from the position of a condensing spot. And the voltage value which should be applied to each 
pixel of the liquid crystal device 105 for phase modulations is computed based on the result of measurement, and it returns to 
the drive circuit 109 by making this into amendment information. A drive circuit controls the phase of the passing light per 
pixel according to the received amendment information. The jack Hartmann method (Publ.Nat.Astron.Obs., Vol.1, p49 
(1989) reference) and the Roget method (Proc.SPIE, Vol.1 1 14, p92 (1989) reference) are used for measurement of the 
aberration of a light wave side. 

[0012] The liquid crystal device for amplitude modulation in TN (twist NEMATTIKKU) mode and the liquid crystal device 
for phase modulations in ECB (electric-field control birefringence) mode were used for this example. Both of the liquid 
crystal devices are matrix drive type liquid crystal devices which equipped each pixel with TFT (TFT), and can be driven on 
the low voltage of about 5 volts. The number of effective pixels is 320x220, and pixel intervals are 80 micrometers of 
horizontal directions, and 90 micrometers of perpendicular directions. 

[0013] The orientation of the liquid crystal molecule in a phase modulation liquid crystal device is homogeneous orientation, 
and can modulate the phase of a beam wave front continuously (collection of 51st Japan Society of Applied Physics academic 
lecture meeting drafts 26 a-H -10). However, it is necessary to double the linearly polarized light direction of a beam in the 
direction of orientation of a liquid crystal molecule. In addition, the phase distortion received when a beam passes the liquid 
crystal device in TN mode is amended using the liquid crystal device in (Jpn.J.Appl.Phys., 29, L1533 (1990) reference), and 
ECB mode. 

[00 14] According to this example, a desired amplitude distribution can be given to a beam for the aberration of a beam wave 
front simultaneously with an amendment by connecting optically the liquid crystal device for amplitude modulation, and the 
liquid crystal device for phase modulations. The liquid crystal device is equipped with the feature of a low-battery drive, a 
low power, and high pixel density, and can control the phase of a beam wave front easily compared with the conventional 
piezo-electric element. 

[0015] In addition, it is also possible to make reverse sequence of the liquid crystal device for amplitude modulation and the 
liquid crystal device for phase modulations, and to connect. 

[0016] (Example 2) A wave-front amendment of a random polarization laser beam is mentioned as an example. The 
composition of the optical equipment of this example is shown in drawing, 2 . The beam [ **** / at random ] a including 
aberration is divided into a component (S polarization) perpendicular to space, and a component (P polarization) parallel to 
space in a polarization beam splitter 201 . Each component receives a phase modulation by the liquid crystal device 206 (or 
211) for phase modulations, after receiving amplitude modulation by the liquid crystal device 202 (or 207) for amplitude 
modulation. Another side, the liquid crystal device 207 for amplitude modulation, and the liquid crystal device 211 for phase 
modulations are mutually connected to conjugate with the afocal optical system which consists of a lens 208 and a lens 210 by 
the afocal optical system with which the liquid crystal device 202 for amplitude modulation and the liquid crystal device 206 
for phase modulations consist of a lens 203 and a lens 205. A reflection factor is locally high and the antireflection film is 
added to the other field so that mirrors 204 and 209 may reflect only the zero-order diffraction component of the beam which 
penetrated liquid crystal devices 202 and 207, respectively. Incidence of the beam which penetrated the liquid crystal device 
is carried out to a polarization beam splitter 212. Two components are compounded, serve as the beam b with which the phase 
distribution was rectified by the amplitude-distribution row, and are left out of equipment here. However, a part of beam b is 
led to the aberration system of measurement 107 by the mirror 106. The drive circuit 109 of a liquid crystal device is 
connected to the computer 108 at the aberration system-of-measurement 107 row. 

[0017] The liquid crystal device for amplitude modulation and the liquid crystal device for phase modulations which were 
used by this example are the same as what was used substantially [ example / 1 ]. Moreover, if an aberration measuring 
method also removes the point performed about each of the linearly polarized light component which intersects 
perpendicularly mutually in the composition row of aberration system of measurement, it is the same as that of an example 1 
in it. Therefore, explanation is omitted here. 

[0018] According to this example, a desired amplitude distribution can be given to a beam for the aberration of a beam wave 
front [ **** / at random ] simultaneously with an amendment by making the group of the liquid crystal device for amplitude 
modulation connected with afocal optical system, and the liquid crystal device for phase modulations act on each of the 
linearly polarized light component which intersects perpendicularly mutually. 
[0019] 

[Effect of the Invention] according to this invention - the amplitude and phase of a light wave side - simultaneous — an 
amendment - things are made The optical equipment of this invention can utilize the program free nature of a liquid crystal 
device, and can apply it broadly to the phase conjugation optics represented by laser beam wave-front control. 
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CLAIMS 



[Claim(s)] 

[Claim I] Optical equipment characterized by to have the circuit which returns the signal acquired by means measure a liquid 
crystal device, the drive circuit of the aforementioned liquid crystal device, and the phase distribution of a light wave side for 
the amplitude and phase of a light wave side about amendment technology, and means measure the aforementioned light wave 
side to the drive circuit of the aforementioned liquid crystal device, and to change. 

[Claim 2] Optical equipment according to claim 1 characterized by having the drive circuit of the liquid crystal device for 
amplitude modulation, the liquid crystal device for phase modulations, and two or more aforementioned liquid crystal devices, 
and changing. 

[Claim 3] The claim I characterized by having afocal optical system between the liquid crystal device for amplitude 
modulation, and the liquid crystal device for phase modulations, arranging mutually the aforementioned liquid crystal device 
for amplitude modulation, and the aforementioned liquid crystal device for phase modulations by the conjugate relation in the 
aforementioned afocal optical system, and changing, or optical equipment given in 2. 



[Translation done.] 



